When the product of the reaction of 2,6-di-tert.-butylphenol with TiCl 4 in a 3:1 ratio is treated with Na[HBEt 3 ], the isolated product is not (2,6-tert.-Bu 2 C 6 H 3 O) 3 Ti(HBEt 3 ) but the isomerized ester (2,4-tert.-Bu 2 C 6 H 3 O) 4 Ti with molecular S 4 symmetry. This rearrangement of the R substituents does not occur upon reacting 2,6-diisopropylphenol with TiCl 4 and Na [HBEt 3 ]. An unexpected result is also observed for the product of the reaction of tris(2,6-diisopropylphenolato)titanium(IV) chloride with lithium bis(pentafluorophenolato)dihydridoborate. The isolated product proved to be dimeric tris(pentafluorophenolato)(2,6-diisopropylphenolato)titanium(IV) with two bridging pentafluorophenolato groups generating pentacoordinated Ti atoms.
Introduction
Tetrakis(organyloxo)titanium(IV) compounds are generally prepared by reacting TiCl 4 with ROH compounds in a 1:4 ratio either at elevated temperatures to remove HCl or by trapping HCl with an amine base, generally Et 3 N. Typical mononuclear species are (2,6-iPr 2 C 6 H 3 O) 4 Ti [1] , (2-tert.-BuC 6 H 4 O) 4 Ti [2] , (2,3,5,6-Me 4 C 6 HO) 4 Ti [3] , (2,6-Me 2 C 6 H 3 O) 4 Ti [1b], (iPrCH 2 O) 4 Ti [1b], (iPrO) 4 (iPrOH)Ti [3] or [(F 3 C) 2 C 6 H 3 O] 4 Ti [4] having tetrahedrally coordinated Ti atoms, except for (iPrO) 4 (iPrOH)Ti. Ti esters with small organyl groups are not monomeric but are either dimeric or even more highly associated, as shown for[(2,6-iPr 2 C 6 H 3 O)(iPrO) 2 (µ 2 -iPrO)] 2 Ti 2 [5] , [(tert.-BuCH 2 O) 4 Ti] 2 [6] , [(F 5 C 6 O) 3 (RO)Ti] 2 (R = Et, iPr) [7] , [(2,4,6-Me 3 C 6 H 2 O)(iPrO) 2 (µ 2 -iPrO)] 2 Ti 2 [8] , (iPrO) 6 (µ 2 -iPrO) 3 (µ 3 -iPrO) 3 Ti 3 [9] , (MeO) 12 Ti 3 [10] , (EtO) 16 Ti 4 [11] , (EtO) 12 (µ 2 -EtO) 8 (µ 3 -O) 4 Ti 7 , and (EtO) 12 (µ 2 -OEt) 12 (µ 3 -O) 8 Ti 10 [12] . The multinuclear titanium esters show coordination numbers from 5 to 7 for the Ti atoms. We have shown that the reactions of (2,6-iPr 2 C 6 H 3 O) 3 TiCl with M(H 2 BR 2 ) generate only in a few cases the expected [2,6-iPr 2 C 6 H 3 O] 3 TiH 2 BR 2 compounds [13] . More often Ti-O bond cleavage occurs with formation of ROBR 2 as well as (2,6-iPr 2 C 6 H 3 O) 4 Ti. For instance, [2,6-iPr 2 C 6 H 3 O] 3 TiMe reacts with catecholborane gener-0932-0776 / 11 / 0100-0058 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com ating MeB(O 2 C 6 H 4 ) and ROB(O 2 C 6 H 4 ) [13] . Obviously the isopropyl group is not bulky enough to allow the synthesis of sufficiently stable (RO) 3 TiH 2 BR 2 compounds. Therefore, we assumed that the more bulky (2,6-di-tert.-Bu 2 C 6 H 3 O) 3 TiCl might be a better starting material as has been shown for the reaction of 2,6-di(tert.-butyl)phenol with alane and hydridoaluminates which generate stable (2,6-di-tert.-butylphenolato)alanes and -hydridoaluminates [14] .
Results

Reactions
We tried to prepare tris(2,6-di-tert.-butylphenolato)-titanium chloride (1) Another unexpected reaction, resulting in the formation of tris(pentafluorophenolato)(2,6-diisopropylphenolato)titanium(IV), occured when treating tris-(2,6-diisopropylphenolato)titanium(IV) chloride with lithium bis(pentafluorophenolato)dihydridoborate, 5. The latter compound has already been reported by Douthwaiter [17] . It was prepared from LiBH 4 The reaction of the tris(2,6-diisopropylphenolato)-titanium chloride with 5 in hexane or benzene was expected to proceed according to Eq. 6. The resulting dark-red solution showed two dominating 11 B NMR signals at δ = 17.6 and 28.3 ppm. The signal for compound 5 (δ 11 B = 1.7 ppm) had vanished. The signal at δ 11 B = 28.3 ppm is typical for (RO) 2 BH compounds [15] , in this case for (F 5 C 6 O) 2 BH, 8. The signal at 17.6 ppm agrees with (F 5 C 6 O) 3 B [15] . This signal is much weaker than the signal at 28.3 ppm, a compound that can result from an H/F 5 C 6 O ligand exchange (see Eq. 8).
From the solution dark-red single crystals separated that proved to be 2,6-diisopropylphenolato-tris(pentafluorophenolato)titanium, 10. The route to its formation is still unknown, and Eq. 9 presents one possibility. However, it is reasonable to assume that the first step of the reaction occurs as shown in Eq. 7. A third step could then be the formation of 10.
The mixed tetra(aryloxo)titanium ester 10 is so far unique. The closest relatives are the compounds Ti(OC 6 F 5 ) 3 (OiPr) and Ti(OC 6 F 5 ) 3 OEt·HOC 6 F 5 [8] . The X-ray structure determination of 10 showed it to be dimeric (see below).
Molecular structures
The ester 4 crystallizes in the tetragonal system, space group P42 1 c. Fig. 1 shows its molecular structure. The Ti atom is located on a inversion center, i. e. the molecule has S 4 symmetry in analogy to tetrakis-(2-tert.-butyl-phenolato)titanium (12) The molecular structure of the dimeric tetra(phenolato)titanium(IV) 10 is depicted in Fig. 2 Table 2 . 2,6-iPr 2 C 6 H 3 O group. This is somewhat shorter than the Ti-O bonds of the two exocyclic F 5 C 6 O substituents with 1.802(6) and 1.817(6)Å. These longer bonds may be due to the less basic F 5 C 6 O groups. The O-Ti-O bond angles between these two exocyclic F 5 C 6 O ligands are 103.8(3) • , while the O4-Ti1-O2 bond angle is 156.7(3) • , and the O3-Ti1-O2 bond angle is 89.4(3) • . The angle O4-Ti-O2A is 89. 4(3) • . These data show that the Ti atom is located in the center of a strongly distorted trigonal bipyramid (see Fig. 3 ).
The C-O bond lengths of 10 span the range from 1.325(1) to 1.390(1)Å, with the longest bond to the O atom of the 2,6-diisopropylphenolato group. It is not surprising that the Ti-O bond to the bridging O atom of the F 5 C 6 O unit is significantly longer than the corresponding bonds to Compound (Table 2) .
Discussion and Conclusions
This study shows like that on tris(2,6-diisopropylphenolato)titanium(IV) dihydrido-diorganylborates [13] that there is a great tendency to form tetrakis(2,6-diorganylphenolato)-titanium compounds. In the case of the 2,6-di-tert.-butylphenolato compound the reaction of 3 equivalents of the corresponding phenol with TiCl 4 leads to an isomerization of the 2,6-species into the corresponding 2,4-isomer as shown by the isolation of tetrakis (2, The reaction of 2,6-di-tert.-butylphenol with TiCl 4 in a 3:1 ratio leads to tris(2,4-di-tert.-Bu 2 C 6 H 3 O) 3 TiCl which on reaction with Na(BHEt 3 ) produces finally and unexpectedly compound 4. This compound has the same symmetry (S 4 ) as (2-tert.-BuC 6 H 4 O) 4 Ti, and Table 1 shows that it is exceptional as far as its Ti-O bonds are longer than observed for any other comparable tetrakis(phenolato)titanium(IV) species. More striking are the Ti-O-C bond angles which are more acute by about 10 • compared with the other compounds in Table 1 . The differences of the Ti-O-C bond angles of compounds 11 to 12 probably result from packing effects of the RO groups. These effects cannot be due to changes in Ti-O π bonding because the C-O bond lengths do not differ by more than 0.02Å. Even more unusual is the result of the reaction of tris(2,6-diisopropylphenolato)titanium(IV) chloride with Li[H 2 B(OC 6 F 5 ) 2 ] which affords [(2,6-iPr 2 C 6 H 3 O)(F 5 C 6 O) 3 Ti] 2 , 10.
It is surprising that the pentafluorophenolato groups adopt the bridging position between two pentacoordinated Ti atoms each of which shows distorted trigonal-pyramidal coordination (see Fig. 3 ). The bridging Ti-O bonds (2.117(5)Å) are longer than the terminal Ti-O bonds as expected. In contrast to this normal behavior there is a significant difference between the Ti-O bond of the 2,6-diisopropylphenolato groups (1.734(6)Å) and the terminal pentafluorophenolato groups (1.802(6) and 1.817(6)Å). Moreover, the Ti-O-C bond angles to the F 5 C 5 O ligands are more acute (159.5 and 154.7 • ) than those to the 2,6-diisopropylphenolato groups (169.8
Significantly less open is the Ti-O-C bond angle to the bridging aryloxo group (119.4(4) • ). Presently there are only two compounds that can be considered as close analogs to 10. These are the compounds 12 and 13. Compounds 13 to 16 need to be considered in comparing the influence of the fluorophenyl substituents on the Ti-O bond lengths and even more so on the Ti-O-C bond angles. These compounds were synthesized by the reaction of Ti(OR) 4 (R = iPr) with fluorophenols or (F 3 C) 2 CHOH. In the majority of cases one of the HOR or RO groups or even both remain associated with the Ti atom. The Ti-O ring bonds of compound 10 are significantly longer than in all other comparable compounds. On the other hand, the Ti-O bonds to the exocyclic C 6 F 5 groups are on average shorter. The Ti-O bond lengths to the OiPr groups in compound 12 and 13 are somewhat shorter in contrast to the Ti-O bonds of the O-CH(CF 3 ) 2 groups. Compounds containing TiOC 6 F 5 groups are generally dimeric usually with bridging F 5 C 6 O groups in the dimeric unit. This is, however, not the case for [(F 3 C) 2 HCO) 2 (OEt) 2 Ti] 2 [13] [7] where two OEt groups occupy bridging positions. Therefore, it is difficult to predict whether a fluorophenolate group, an isopropyloxy group or an EtO group will occupy bridging positions.
Experimental Section
All experiments were conducted in an atmosphere of nitrogen gas and by application of the Schlenk technique. Only H 2 O-free solvents were used. TiCl 4 , F 5 C 6 OH, tert.-BuOH and 2,6-iPr 2 C 6 H 3 OH were commercial products. H 3 B·THF was prepared from LiBH 4 and BF 3 ·OEt 2 in Et 2 O and dissolving the generated gas in THF. NMR: Bruker AC 300 ( 11 B), Jeol E 400 ( 1 H, 13 C, 11 B). Chemical shifts δ are given in ppm. 11 B NMR spectra were measured proton-coupled and proton-decoupled using F 3 B·OEt 2 as external standard. Elemental analyses were performed in the Microanalytical Laboratory of the Department. The residue was dissolved in toluene (40 mL) and the solution cooled to −78 • C. A solution of Na[HBEt 3 ] (2.49 mL, 1.0 M) in toluene (30 mL) was slowly added. After addition, the mixture was allowed to attain r. t. The solution showed an 11 B NMR signal at 89.0 ppm for BEt 3 . The volatiles were removed in vacuo and the residue then treated with hexane (60 mL). After filtering the dark-red suspension the filtrate was reduced in volume to 20 mL and cooled to −30 • C. After several days dark-red crystals separated which were shown by X-ray crystallography to be tetrakis(2,4-di-tert.-butylphenolato)titanium(IV), 4. 
Lithium-dihydrido-bis(pentafluorophenolato)borate, 5
To a stirred suspension of LiBH 4 (240 mg, 11.2 mmol) in benzene (25 mL) was slowly added a benzene solution of 
Tris(pentafluorophenolato)(2,6-diisopropylphenolato)-titanium(IV), 10
A suspension was prepared from LiBH 2 (OC 6 F 5 ) 2 (1.68 g, 4.4 mmol) and hexane (20 mL). While stirring, a solution of tris(2,6-diisopropylphenolato)titanium(IV) chloride (1.46 g, 2.32 mmol) in hexane (60 mL) was slowly added. There was some gas evolution. A yellow suspension formed at the beginning which slowly turned brown. After stirring over night the insoluble material was removed by filtration. 
Crystal structure determinations
X-Ray studies were performed with a Siemens P4 instrument equipped with a low-temperature device and an area detector. MoK α radiation and a graphite monochromator were used and the data collected at −78 • C. The unit cell dimensions were calculated from the reflections collected on 8 different settings in ω and φ by changing ω in 2 • steps and using the program SMART [18] . Data reduction was performed with SAINT [18] , and the structures were solved and refined with SHELX programs [19] . Table 3 contains relevant crystallographic data.
CCDC 792546 (4) and 792547 (10) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Center via www.ccdc.cam.ac.uk/data request /cif.
